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HHEPIAHYH

Ocopovpe éva  TPOPANUA  TPOCAPUOCTIKNG detypatoAnyiog amd éva
TEMEPUCUEVO  pOUd  aveEApTNTOV OTATIOTIKOV TANOUGUDY, KOT® omd AT
TANPOPOPNGN GYETIKA LE TIC VTOKEIUEVEG KATOVOUES TBavVOTNTAG. & KAOE mEPiodo
emAgyetal évag mANBuoUog Yoo T ANyYn pog mopotnpnons. To amotéleocuo g
napaTnpNons Bempeitor ¢ apoPn Kot 0 AVTIKELLEVIKOG GKOTOG etvat va. avomtuyOel
L0 TPOCAPUOGTIKY TOALTIKY OstypatoAnyiog 1 onoia o€ kébe mepiodo emAéyel and
nowv mAnBuopd Ba mapel v moapatnpnomn, pe Pdon v mponyoLuevn 1oTOopia
EMAOYDV KOl TOPATNPNOEDY, £TCL MOOTE Vo, peylotomombel (Vd  KoTdAANAN
OCLUTTMOTIKY £VVOLQ) 1) OVOLLEVOLEVT) GUVOALKN aLplotf).

Y& Mreb(lavo mhaicto to mpofAnpa propel va Oewpnbel wg 1d1kn mepintmon
LG YEVIKTG Katnyopiog TpoPANUdTtev TpocaplosTiKNg PEATIOTOTOINONG, YVOOTNG
o¢ multi-armed-bandit problems. T ta wpoPAnupota ovtd pe KprTHplo TV
avapevopevn amomAnfopiopévn apoly oe dmepo opilovia €xer omoderydel m
BeMototnra pog kAdong moAtik®v mov Pacilovtal o JelKTEG KOl EMTPETOLY TN
OWIoTOG,  TOV  TOALOLACTOTOL TPOPANUATOS G€ €va GOVOAO HOVOOLAGTATMV
mpofAnuatev PBeitiotomoinong. H didomaon avty dev givan yevikd dvvatn Otov
petakwvnBobue oe un Mrebliovd poviélo 1M/kor e KPUINplo SPOPETIKA NG
aronAnfwpiopévng aporg oe dmepo opilova.

Ymv opAdia Ba Bewpricovpe €va pun Mmebliovd poviého pe kpuriplo
HEYIGTOTOINGM TOV HEGOL KOOTOVG G Amelpo opilovta. Oa dei&ovpe 6tTL T0 TPOPAN LA
peylotonoinong ivotl 10odHVOUO LE TNV EAOYIOTOTOINGCT KATOAANANG GLVAPTNONG
anoAslog, kor Oa amodeiEovpe ™V VTOPEN TPOGOPUOGTIKMOV TOMTIKOV TOV EXOVV
dopn| delkTn KOl €YYLAOVTOL TOV EAAYIGTO AGVUTTOTIKO puOUd avénong g andAelog
N 10000Vap0 TO HEYIGTO PLOUO GUYKAIONG TNG HEGNC GUOPNG GE OVTH TOV UITOPEL val
emtevyfel kdTo and TANpN TANPOEOPNON.



Eniong Oa Beswpnoovpe dvo emektdoelc tov mpoPAnuotog: (o) Otov vadpyovv
TEPLOPIOUOL OTIG GVYVOTNTEG dEYHaTOANYiaG AOY®D KOGTOLG Kot (B) OTov ot apolPég
TaPoVGIALOVV YPOVIKT U GTOCILOTNTA VIO KATAAANAL OPIoUEVT] EVVOLAL.

H opMa Paciletar oe epyaciec amd kowvov pe toug MiydAn Kateydxn wot
Odvocéa KavaPéroa.
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ABSTRACT

Consider the problem of adaptive sampling from a finite number of
independent statistical populations under incomplete information on the underlying
probability distributions. In every period one of the populations is selected to receive
one observation from. The outcome of the observation is considered a reward. The
objective is to develop an adaptive sampling policy which selects the population to
sample from in each period, based on the previous history of selections and
observations, so that the expected total reward is maximized under an appropriate
asymptotic sense.

In a Bayesian framework the problem can be viewed as a special case of a
general class of adaptive optimization problems, referred to in the literature as multi-
armed-bandit problems. Under the criterion of maximizing the expected total
discounted reward in infinite horizon it has been proved that the optimal sampling
policy has a simple index structure. Specifically for each population there exists an
index, which is a function of the previous information about this population, such that
in every period it is optimal to sample from the population with the highest index
value. This is an important result, because it allows decomposing the multi-
dimensional dynamic optimization problem to a set of single-dimensional problems.
This decomposition is not generally possible when one moves to non-Bayesian
formulations and/or optimization criteria other than the expected discounted reward.

In this talk we will consider a frequentist version of the multi-armed-bandit
model under the criterion of maximizing the expected average reward over an infinite
horizon. We will show that the maximization problem is equivalent to the asymptotic
minimization of an appropriately defined regret function. We will also prove the
existence of index-based adaptive policies which ensure the minimum asymptotic rate



of increase of the regret, or equivalently the maximum rate of convergence of the
average reward to that under complete information.

We will also consider two extensions of the basic model: (i) to the case of side
constraints due to sampling costs and (ii) to the case of non stationarity of the reward
structure.

The talk is based on joint research with Michael Katehakis (Rutgers
University) and Odysseas Kanavetas (Sabanjee University).



